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BESMEAR AND TEXTURING METHOD 

• Erected to a solvent free method for desmearing a surface and 

surface and texture the resin. 

„o,e forming operate in resin containing — often resuft in the smearing of resm 
orbarre.of.heho.e. This resin smear is primariiy attributable to the 

the material during the hole formmg process. 

Where holes are dnlled in epoxy impregnated fiber glass laminate materials, such as 

u a fri,tinnofthe drill bit against the material raises 
those employed to make pnnted circuit boards, friction of the dn g 

, . thp hit often drill bit temperatures are generated which exceeo 

accretion or smear can develop on .he exposed conductor surface. 

a,. hnlP walls mav be ignored in some applications, 

lU—g eof— ofwe.ghtandspace. ^'r^neormore 
compnsed of two or more circuit layers, each circuft .ayer separated from an the 

known to the art, ior exeunt F formed 
cttcuit hues in a desired circuit pattern. Once the circuit patterns are formed, a stack ft, 
circuit lines , typlcally a 

comprising multiple circuit layers separated from each r y 
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multi-layer circuit board is made, holes are formed in the resin-containing tnatenal wh.ch 
includes a plurality of paral.el planar metallic conductors, with the hole perpendicular to, and 
communicating with, two or more paral.el metallic conductors. It is often desired to metalhze 
the hole walls in order to form a conductive path between two or more of the metallic 
conductors. In such instances, die resin smear must be removed ftom the edges of the hole 
through the metallic conductors if conductive comae, between ,he metallized hole wall and .he 
metallic conductors is to be achieved. Thus, when crcui, board ho.es are drilled through a 
copper clad base plastic laminate or through a plastic laminate containing internal conductor 
planes, such as in a multi-layer circuit board, resin smear on the metallic surfaces exposed to the 
walls of the holes must be removed to achieve proper functioning of the metallized, or plated, 
through-holes. 

Flared through-holes as described above are useful as electrical connections between 
printed circuits having metallic conductors on both sides of the plastic laminate or between two 
or more of the various planes and surface conductor layers in mu.ti-layer boards. The electrical 
and mechanical integrity required for this function can on,y be attained by insuring complete 
removal of resinous materials from the entire inner circumference of the portion of the metallic 
conductor exposed by the hole. 

Numerous methods are known for removing resin smear or resin accretions. One 
approach is a mechanical one and involves channeling a dry or we. stream of abrasive particles 
through such hole, A similar me.hod is .he use of hydraulic pressure .0 force a thick slurry of 
abrastve materia, through .he hole, However, rnese mechanica. methods are generally slow and 
difficult .0 control and complete removal of smear in all holes in a given eircui. board ,s difficult 
to achieve. 

Typically, chemical methods are used .0 desmear holes formed during printed circuit 
board manufacture. For example, acids such as concentrated sulfuric acid (down .0 about 90 
percent eoneenttation) and chromic acid, have been used .0 remove smeared epoxy restn. The 
high acid eoneenttation required is very hazardous and requires extraordinary precauttons by 
operator, When concentrated sulfuric acid is used as a desmear, .he hole walls may become 
unaeceplably smooth such tira. adhesion of an electroless melal layer, such as copper, is 
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unsatisfactory. In addttion, the —ted su.fitric acid rapid.y absorbs water, wbrc hm,a ,«s 
useful tife span and can cause variations in dre immersion times required «o desmear tire ho.es. 
Chromic acid also presents toxicity and waste disposal problems, thus presennng an 
environmental hazard. 

The most common chemical ream desmear method uses permanganate, such as potassium 
„ sodium permanganate. For example, U.S. Pat. No. 4.60..784 (Mik) discteses desmear 
sohrtions contaimng an alkali metal hydroxtde, sodium permanganate and horn 0.1 to 3.0 moles 
per mole of permanganate ion of a o„-cation se.ee.ed from potassium, ces.um, rub.dtum and 
mixtures thereof. The concentrations of sodtum permanganate used require the presence of the 
co-cation. The amount of sodtum permanganate used in the baths accordtng to this paten, ts a. 
k as« 70 grams per .iter of solution. Prior to applyrng .he permangana.e e,ch, the resin is treated 
with an organic solvent caHed a solvent swell to soften the resin for ease of .he permanganate 
attack. 

Conventional desmear baths typically require a ratio of active permanganate ion 
concentration to total manganese concentiation (as both manganate and permanganate) of 0.6 or 
greater. When the active,ota. ratio falls below 0.6, delamination of the plated metal to tine 
subsuate may occur. Such fai.UK mantles* Hf as loss of meta, adhesion or b.istenngof tire 
base die.ec.ric materia,. When such baths a. regenerated, i.e. when the ac.ivet.ota. ratto ts 
adjusted to 0.6 or greater, the bath stil. resufts in substrates showing delamination with some o 
,he new, advanced dieleotric materia,, This sititation does no. hold bare for most conventtona, 
laminates, i.e., FR4, FR5 and high T s reinforced laminates. 

Additionally, solvent swells may present a hazard to workers. Solvent swells often 
employ organic so.vents, which are toxic and flammab.e. Accordingly, a method for desmeartng 
without using a solvent swell is highly desirable. 

Another problem associated with permanganate based desmear baths is the difficulty of 
desmearing high T g (glass trans.tton temperature) resins. Many hrgh T g resins, T 8 values above 
155- C employed in the manufacture of printed wiring and circuit boards are more tnert to 
s„,ven,' swe..s and .be desmearing action of permanganate based desmear baths than tew T. 
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resins. Accordingly, desmearmg is more difficult and .ess efficient. Thus, there is a need for a 
me «hod of desmearing resin accretions without the use of solvent swefis and permanganate etch. 

EP 0 913 498 discloses a method of texturing a polymer by generating a metal activator 
such as s.lver ions (Ag») which is believed to react with water in a bam to generate hydroxyl 
radicals which texture or oxidize a polymer substrate. Texmring the po.ynter substrate prepares a 
surf ace of the substrate to receive a metal layer. The textured polymer surface provides ah.ghly 
desirable morphology for receiving an electrolessly plated metal layer on me polymer surface 
such that the metal layer is secured to the po.y™et surface. The metal activators may be 
generated electronically. Such a process is employed in the metallization of plast.es. 

While the method disclosed in EP 0 913 498 provides a means of texturing a polymer 
surface to receive a metal layer by electrons plating, the method does not address desmeanng 
resin accretions or smear from through-holes or vias drilled in printed wiring boards. The 
met hod for textunnga polymer substrate or resin closed m EP 0 913 498 is unsuitable for 
addressing .he desmear problem. Printed wring boards with through holes having resm 
accretions are composed of alternating layers of metal, such as copper, and cpoxy or other non- 
conductive board material. Exposing such boards to the texturing method may result m 
undesirable depos.ts of me*, activator, such as silver, on the copper portions of the board. Such 
deposits may result in defective pnnted wiring boards. Another problem associated wuh the 
me ,hod of EP 0 913 498 is the use of an electrolyte such as nitric acid which may attack certam 
metals such as copper. 

Accordingly, there is a need for an improved method of desmearing resin accretions from 
through holes or vias and texturing resin in printed wiring boards. 

Summary of the Tnvention 
The present tnvention is directed to a method of desmearing resin smear or accretions 
from a surface and texturing a resin by generating a fiee rad.ca, which attacks the resin smear or 
accretions on the surface, thus removing the resin smear and textunng resm. 

to „»« embodiment of the invention a free radical is generated e.ectrolytically in an 
electroltyte having an anode and a cathode with the substrate to be desmeared unmersed m the 
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electiolyte solution. When a current is applied, a free radical is generated at tire anode, whtoh 
attacks resin accretions on a surface of the substrate and textures resin. 

to another embodiment of the invention, a free radical may be generated chemically. The 
free radical then attacks resin accretions ,o desmear the accretions from a substiate surface and to 
texture resin. 

fa an additional enrbodunen. of the present invention, a free radical may be general by 
.hermolys,, Sufficient hea, is applied to a source of a free radtca, such ma. the heat applied to 
the source generates the free radical. 

In a further embodiment of the invention, a free radical may be generated by photolysis. 
Acfinic radiation is applied to a source of free radtca.s to generate tire free- radicals which attack 
resin accretions on a substrate surface and textures resin. 

The free radical generating methods of the present invention are suitable in the 
manufacture of printed wiring boards. Pnnted winng boards, such as multi-layer pnnted wtnng 
boards are used for a variety of elecmcal appl.ca.ions andprovide the advantage of conservation 
of weigh, and space. A mu.ti-layer board is composed of mo or more circuit .aye., each ctrcuti 
,ayer is separated from another by one or more layers or dielectric ma.ena.s. Ctrcui. layers are 
formed by applying a copper layer or other sutiable metal onto the substrate. Primed circuits are 
then fomted on tire copper layers by .echniques well known .0 .he an such as prin. and e,ch to 
define and produce tire circuit .races, t.e., discrete circuit lines in a desired circui. patient. Once 
to circui. patterns are formed, a suck is formed composed of multiple circui. layers separated 
from each other by a dielectric layer such as a rcsin-containing material such as epoxy, 
epoxy/glass or po.yimide. Once the stack is formed, it is subjected .0 hea, and pressure ,0 form 
.he laminated multi-layer circui. board. When such a mu.ti-.ayer ctrcui. hoard is made, holes or 
vias are formed in .he resin-containing ma.erial which includes a plurality of parallel planar 
me<a<.ic conductors, with the hole perpendtcular .0, and communicating with, two or more 
parallel metallic conductors. Often .he hole wall is metallized in order .0 form a conducove path 
between two or more of .he metallic conductors. In such ins.ances, resin smear is removed from 
the edges of .he hole through the metallic conductors when conductive contact between tire 
metallized hole wall and .he metallic conductors is destred. Thus, when circui. board holes are 
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drilled through a copper clad base plastic laminate or through a plastic laminate containing 
internal conductor planes such as in a multi-layer circuit board, resin smear on the metallic 
surfaces exposed to the walls of the holes is removed by a free radical generating method of the 
present invention to achieve proper functioning of the metallized or plated through-holes. 
Additionally, the exposed surfaces of the resin layer or plastic laminate layer are textured to 
receive and form a suitable bond with plated metal. 

Plated through-holes are useful as electrical connections between printed circuits having 
metallic conductors on both sides of the plastic laminate or between two or more of the various 
planes and surface conductor layers in multi-layer boards. Electrical and mechanical integrity 
required for this function are attained by removal of resinous accretions from the inner 
circumference of the portion of the metallic conductor hole. 

Advantageously, the method of the present invention eliminates the use of solvent swells 
employed in desmear methods where a permanganate desmear etch is employed. Conventional 
desmear methods employ solvent swells to prepare a resin or polymer for treatment with a 
desmear bath. Such solvent swells often employ hazardous solvents. The method of the present 
invention eliminates the use of solvent swells and the hazards associated with solvent swells 
including waste disposal problems of environmentally hazardous chemicals. Thus, the method of 
the present invention is both worker friendly and environmentally friendly. 

Another advantage of the present invention is that the method is especially suitable for 
desmearing high T g resins. Such resins or polymers are more inert to solvent swells and 
permanganate etch than low T g resins. Both solvent swells and permanganate etches may be 
eliminated by the method of the present invention, thus the method also reduces chemical 
consumption. Accordingly, the methods of the present invention provide improved methods for 
desmearing through-holes and/or vias and texturing resin in the manufacture of printed wiring 
boards. 

A primary objective of the present invention is to provide a method of desmearing resin 
accretions from a surface with a free radical and texturing a resin. 

Another objective of the present invention is to provide a method for desmearing resin 
accretions and texturing resin of high T g polymers. 
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An additional objective of the present invention is to provide a method for desmearing 
resin accretions and texturing resins without employing a solvent swell or permanganate etch. 

Still yet a further objective is to provide a method of desmearing resin accretions from a 
surface and texturing a resin with reduced chemical consumption. 

Additional advantages of the present invention are discernable to a person of skill in the 
art after reading the detailed description of the invention and the appended claims. 

TWf Description "f the Drawings 
Fig. 1 is a 2000 X SEM of a cross section of a through-hole of an FR4/glass-epoxy 
printed wiring board showing resin accretions. 

Fig. 2 is a 2000 X SEM of a cross section of a through-hole of an FR4/glass-epoxy 
printed wiring board showing exposed glass where resin accretions were desmeared by free 
radical generation. 

Fig. 3 is a graph of weight loss of resin accretions due to free radical generation over time 
in an electrolytic cell. 

Fig. 4 is an anodic polarization curve of anodic potential versus the log of current density 
for an iridium dioxide working electrode. 

Fig. 5 is an anodic polarization curve of anodic potential versus the log of current density 
for a lead dioxide working electrode. 

Detailed Descriptor, "f the Invention 

As used throughout this specification, the following abbreviations shall have the 
following meanings, unless the context clearly indicates otherwise: g = gram; mg - milligram; 
mL = milliliter; L = liter; DI = deionized; • C = degrees Centigrade; • F = degrees Fahrenheit; 
ppm - parts per million; N = normal; cm = centimeter; dm 2 = decimeter squared, A = amperes, 
and wt% = percent by weight. 

The terms "printed circuit board" and "printed wiring board" are used interchangeably 
throughout this specification. All amounts are percent by weight and all ratios are by weight, 
unless otherwise noted. All numerical ranges are inclusive and are combinable. The terms 
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W and "polymer" are used interchangeably throughout this speeifteation. The terms 
"smear" and Won" are used interchangeably throughout this specification. 

The present invention is duected to a method of desmearing resin smears or accretions 
ftoma surfaceand,e X m„nga re smbygenera,mga ( reeradrca, or active spaces wh.chabacks 
Lsin accretions.oremove.hem from the surface and.otexn.re resin. The free rad, a, may 

be a „v suitable orgamc or inorganic radical which attacks and removes resm or polymer 
beanysmrao s n,, free radical may be generated by any suitable 

accretions from a surface and textures a resm. The free rad.cal may g 

of such processes for generating a free radica, mc.ude, bu, are not Hmited to, *«*« 
generation, chemical generation, genemtion by thermoiysis, or generation 

Radica.* generated e.ectro.ytically may be generated a, or near a surface of an anode of an 
eiectroiytic ceU. Sufficient electnea. potential is appl.ed to generate a desired radrca.. Rad.cal 

arc acueous based. Advantageou.sy, a worker in the art may readdy consul, tables 
ge „era.e a desired free radical. Such electrical po.en.ials vary dependmg on .he type of rad ca to 
LoU,mtied<o,,heA^^ 

e.ectrode potential and ha.f-reac«ons is Th, Har^ffil^^ 59 *"»■ 

" S-,97 (CRC Press), Other textbooks and source books may be employed p— y 

Zthe— — 

sourc e hooks are we„ known by workers in the art. Some undue expenmentabon rn h 
performed to determine whether or no, an electrochenuca. reaction provrdes a satiable fie 
lL,odesmearand.o,exmreasnrface.Anexamp,eofasu„ab,efree radica, .sahydcoxyl 
:S ( OH,wh,chmaybegenera.ed fr omana q ueoussolu«o„. A free-radrca, sanatomor 
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Hydroxy, radicais are h ig h,y reactive short-Uved species tha, attack and destroy many org»nc 

sufficient ,herntodyr,am,c eleeirica, po«en,,a, is appUed by an Cecttica, source to an . ectto.yttc 
ce„ such ,ha, «he e.ecttrea, potentta, exceeds the potenua, a, which oxygen evoWes. Such a 

„d «he P H of the e,ectto,yte. For examp,e, .he oxygen evomtion potentta, for ,ead dl ox,dc ,n an 

if an iridium dioxide anode is used in the same e.ectto.yte the oxygen evomtion potentta, - 1.3 .0 
1.5 V (versus SHE). 

Oxygen evolution potentta. may be determined by performing an anodtc potation scan 
in a pabular electto.yte and with a part.cu.ar anode. Many different c.ectto.ytes are we,. 
Known in the art. Examp.es of suit* anodes am described be.ow. An anodto po.ar,za«on scan 
ma y be earned ou, by using a ce.. with a desired e,ectro.yte, counter e.ectrode, a woriong 
electrode which is the particular anode under test and a reference electrode such as a saturated 
ca,ome, electrode (SCE) or a saturated hydrogen e.ecttode (SHE). Such cells ate typtcaUy to. 
chambered. A centra, chamber contains an anode under test or working e.ecttode. The anode 
ooder test is the anode with which me poientia, for oxygen evo.ution is determined. The 

Ltto.yte and pH of.be e.ectto.yte. The centta, ccU is in flutd c„mmnn,c,,on by means of an 
e , ectr oiwi.hasecondchamhetconuiningacou„.e r e 1 ccttodeanda,hi r dchamhercon te .mng 

the reference electrode. 

The anodic potentta, of .he working e.ecttode is gradually increased using a poten.ios.at. 
As .he anodic potentta, is gradua„y increased the resultant current dens.ty is measured and an 
an odic polarization curve is made of anodtc potentta, versus .og of the current dens.ty. A wave 
or hue which is near.y horizontal .ndicates a rapid increase in current density. Sue a wave 
taoica.es that an e.ectrochemica, reaction is occurring at .he anode such as .he evo.ut.on of 
oxygen The potentta. at which the wave begins is the po.en.ial a. wh,ch oxygen evolves. 
Typicahy bubb,es are given off a, the anode surface indicating oxygen evo.ution. When an 
eLchemica.react.onoccursa.theanode.anmcteaseta.hefluxofe.ecttonsa.the anode 

reS u„s and mis in mm causes an increase in current density. By reference to an appropna.e 
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evolution of oxygen occurs is readrly determinable. 

Pournatx diagrams ate wen Known in the art. Such dragrams are electrical po*»«a,.pH 

International Cebelcor, 2 nd Edition, 1974. 

~ n f» free radical which attacks and desmears a 
Anv suitable anode that favors generation of a free radical w 

may no, form a higher ox.de above the —a p ^ ^ 

nreferablv employed as an anode to generate hyaroxyi rdu 



carbon and tin dioxide. 

Any suitable cathode may be used to practice the present invention. ^ X ^J^^|^ lC 

of these materials. 
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^ generation of free radica.s invoWes enrploymg an electrochemical eel.. 
II ee,ee,ron, These reaetions raKe place a, el—trolyte tnterface, .nop— ,an 

ionic conduction. Varions suttable e.ectrolytes are we., known in the art. 

A posttive.y eharged anode and a negative.y charged eathode are sobnrerged in the 

temperamres. n, ^ p , ace(J as 

=r===========T" 

material. 

The erodes are eonneered through the e.ectrica. ,eads ,o an externa, sonree of e eeme 
cation flow ro the earhode. App.rcation of a DC sonree of e.eetirca. energy «o ^ ~ea y 
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attack and desmear resin accretions and texture a resin. Anode current dens.ties may range from 
a, .east , A/dm>, preferably from 5 A/dnr to 100 A/dm>, and most preferably from 10 A/dnr to 
15 A/dm 2 . 

In addition to generating hydroxy! free radicals from water at or near an anode, other 
ionic species in an electrolyte also may be ox.dized dunng current generation to form free radtca, 
species that may contribute to resin desmear and resin texturing. Examples of such tome spec.es 
that may be oxidized to fan. free radtcals include, bu, are no. limited to, chloride, brom.de 
fluoride or todide. Sources for such free radicals include, but are not limited to, water-soluble 
salts such as alkali metal sate. Alkali metal salts of chloride such as sodium chlonde and 
potassium chloride are preferred along with the alkali metal salts of bromide such as sodium and 
potass.um bronude. Alkali metal salts that form ionic species which may be anodically ox.d.zed 
,„ form free radicals that desmear resin accretions and texture a resit, range from 1 to 35 
grams/Uter of an electrolyte, preferably from 10 to 20 grams/Liter of an electrolyte. Such free 
radicals may be generated a. thermodynam,c potentials below or above the thermodynam.c 
potential of oxygen. Such potentials may re adily be determined by a person of ski,, in the art by 
referring to tables of electrical potentials and half-reactions for a g,vcn spec.es. 

Examples of other components in electrolytes include, bu. are no. limited to, mineral 
acids such as sulfuric acid, phosphoric ac.d, tetrafluoroboric acid, hexafluorophosphoric ac.d, or 
mbtiures thererof. Also, such ac.ds as phosphonic, sulfonic, pcrfluoro bis-su.fonimides and 
corresponding carbanion acids in monomcne, dimcrfc, or ohgomeric forms, or mixtures thereof 
m aybe employed. Such acids compose from 10% bywe.gh. to 50% by weigh, of fhe electrolytic 
solution Wa,er-so.ub.e metal sal* such as salts of copper, nickel, zinc, gold, silver, platinum, or 
cobalt may be employed. Examp.es of exemplary copper metal salts .nc.udc, bu. arc no, Imute 
,o copper sulfate monohydrafe and copper su.fate pentahydrate. Meta. salts compose from 0/. 
to'about 50% by weight of me electrolyte, fn add.tion, e.ectrolytes also include co„ve„,.onal 
adjuvants well known in «he art which assis, in elecrolytic processes such as in metal platmg 
The balance of e.ectio.yte ,s brought to ,00% by weigh, with water. E.cefro.ytic processes of the 
presen, invention may be perfonned at temperatures of from , 8° C to 25» C for periods of from 
minute to 20 minutes, typically from 5 minutes to 1 5 minutes. 
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Mother method of generating hydroxy, free radicals is by photolysis. Hydroxyl radicals 
may be generated by photo.ysts nsing a combination of ozone and UV tight, or hydrogen 
peroxtde and UV Ught, or me combination of ozone, hydrogen perox.de and UV hght. Ozone 
als „ known as triatomtc oxygen (O j); when employed as a restn desmear is generated and used 
for treatment tmmediateiy. Ozone is nnstable and may no. be stored. Commercial ava„ab,e 
equipment may be used to generate hydroxy, radicais from hydrogen peroxide and/or ozone. 
Ozone may be generated a. UV wavelengths of from 200 nm * 450 nm. Preferably ozone ts 
generated a, a UV absorbanee a, or near 254 nm. UV radiation applied to ozone generates an 
excited oxygen atom as follows: 

0 3 + uv -»• 0 2 + 0* (an excited oxygen atom) 
The excited oxygen atom may then generate hydroxyl radicals in one of two ways. The 
excited oxygen atom may react with water as follows: 

O* + H 2 0 -* 2 OH (hydroxyl radicals) 
or, .hey may reac. wi.h wa.er .o form hydrogen peroxide, which .ben reacts with UV radtation to 
form hydroxyl radicals as follows: 

O* + H 2 0 -» H 2 0 2 
H 2 0 2 + UV -» 2 OH 

Other alternative reactions a.so may take place. Advantageously, high concentrations of 
both hydrogen peroxide and ozone may be avoided. Hydrogen peroxide may be used wrtbm a 
ra »ge of 0.1 to .0.0 grams/liter, preferably horn 1 to 5 gzams/Uter. Ozone concentrations may 
range from 0.1 to 50 grams per hour, preferably from 1 to 20 gzams per hour. Oxidation rates 
achieved using hydroxy, radices are greater man those attainable from hydrogen peroxtde and 
ozone alone or other oxtdants such as hydrogen peroxtde with ehlortne, hypochlonte, or TO 
to presence of UV tight because of the very high reactivity of the hydroxyl radical. Reactton 

rates achieved using ozone alone. 

Ozone may be generated by any suitable method known in the art. Any suitable 
commercially avatlab.e ozone generator and a short wave.ength UV exposure unit (200 nm to 
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450 nm) may be employed to practice the present invention. For example, a suttab.e ozon 
generator ma. may be emp.oyed is a CD-10/AD unit supplied by RGF 6» Sysrems of West 
Beach, F,orida, U.S.A., wbrch produces ozone by a corona discbarge route. UV exposure un.ts 
also may be obtained from RGF 6> Systems, but other similar equipment may be equally 
suitable. 

An example of one method of generating ozone is to continuously citcula.e water 
hetween two hold.ng tanks. The holding tanks are pined by a quartz tube inside a UV exposure 
untt, and water passes through the quartz tube fan one tank to the Cher. Ozone is tntioduced 
into the water via a venturi or other suitab.e apparatus. Substrates to be desmeared and textirre 
are immersed in water in the exposure uni, where hydroxy, rad.cals generated from ozone by UV 
ligh , exposure attack resin accretions. Ozone may be enhanced by using oxygen instead of a,r ,„ 
the ozone generator. When oxygen is used, the concentration is from 95 to 99.9% pure. The 
flow rate of the oxygen is 0.5 liters/minute to 1 liter/minute. 

in another method, generated ozone is pumped into an aqueous solution or bath 
containing a substrate for resin accretion desmearing and resin texturing through an ozone 
diffuse. An ozone differ may be a stone of fine porosity, which creates stnaU bubb,es that nse 
through ,he aqueous solution. The s.ower the bubbles rise through the aqueous solufon, the 
greater the amount of ozone produced in the solution. Such ozone diffuse, are we,, known m 
the ar, Under the influence of UV radtation, ozone breaks down to form oxygen and an exctted 
oxygen atom. Excited oxygen atoms then react with water to form either hydroxy, radtcals 
threcfly or form hydrogen peroxtde whtch reacts with the UV radiation to form hydroxy radtca,, 
The solution containing the generated hydroxy, radicals may then be pumped into a module 
contatntng a substrate for restn accretion desmeartng and .sin texturing. The ozone and 
hydrogen peroxide processes may be performed a, temperatures of from ,8" C to 25 C for a 
period of from 1 minute to 20 minutes, typioaily from 5 minutes to 15 mtnutes. 

I„ another embodiment of the present invention, a free radical may be generated 
chemically as opposed to e,ec«ro,ytica„y or by photolysis. An example of a chemica, process of 
productng a radtca, H the use of Fenton's reagent, which is composed of hydrogen peroxtde and 
ferrous iron source. Fonton's reagent, wbrch is added to an aqueous solution, generates hydroxy, 
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radicals .ha. attack resin accretions on .he surface of .he substta.e mrmersed in ,he aqueous 
solution and textures resiu. The process may be performed at temperatures of from 1 8° C to 25° 
C. Desmearing and texturing times may range from 1 minute to 20 minutes, typically from 5 
minutes to 15 minutes. 

While the method of the present invention may be used without etching, a promoter or 
oxidizing etch optionally may be employed. Etching compositions are well known in the art. An 
example of a suitable etching composition is the permanganate etch. Such permanganate etch 
solutions include one or more permanganate ion sources, one or more hydroxide ion sources and 
water. Any permanganate ion source that is at least partially water-soluble or water-dispersable 
may be used. Suitable permanganate ion sources include, but are not limited to, alkali metal 
permanganates such as sodium permanganate and potassium permanganate. Mixtures of 
permanganate ion sources may be used. The permanganate ion sources useful are generally 
commercially available and may be used without further purification. 

The permanganate ion sources may be employed in an amount such that the concentration 
of permanganate ion is from 30 to 75 grams/liter, based on the concentration of active 
permanganate ion in the composition. Preferably, the amount of active permanganate ion is 
present in an amount of from 45 to 60 grams/liter. For example, when sodium permanganate is 
used it is present in an amount of from 45 to 60 grams/liter. Total manganese concentration as 
manganate and permanganate ions is in the range of from 40 to 95 grams/liter, preferably from 50 
to 85 grams/liter and more preferably from 55 to 70 grams/liter. Ratios of active permanganate 
ion concentration to total manganese concentration is 0.6 or greater, preferably 0.7 or greater, and 
more preferably 0.8 or greater. 

Any suitable alkali metal hydroxide or alkaline earth metal hydroxide may be used in the 
present invention as the hydroxide ion source. Preferably, the hydroxide ion source is an alkali 
metal hydroxide. Suitable alkali metal hydroxides include lithium hydroxide, sodium hydroxide, 
potassium hydroxide, rubidium hydroxide, and cesium hydroxide. Preferably, the hydroxide ion 
source is sodium hydroxide or potassium hydroxide. Mixtures of hydroxide ion sources also may 
be used. Hydroxide ion sources that are useful are commercially available and may be used 
without purification. 
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Hydroxide ion sources are used in the promoter compositions in an amount such that the 
concentration of hydroxide ton is from 25 to 60 grams/liter, based on the volume of the 
composition. Preferably, the hydrox.de ion concentration is from 35 to 55 grams/titer, and more 
preferably from 40 to 50 grams/liter. 

The amounts of both the permanganate ion sources and hydroxide ion sources refer to the 
amount, of such components present in solution for a given bam. Likewise, .he amounts of 
permanganate rons and hydroxide ions refer to the amounts of such rons present in the promoter 
composition. 

te addition to a promoter composition, a neutralizer may be used m conjunction with the 
fee radica. and promoter composition. Neutralize, oxidize any residues from the promoter left 
on the substrate after res.n accretion desmearing. Permanganate promoters leave resrdues of 
permangante and manganate. Many neutralize, are commercial* available and are we., know ,» 
the art. Examples of such neutralizers are amine salts such as hydroxyzine and alkyl 
hydroxylamine salts, or hydrogen peroxide. 

While the method of the present invention may be employed to desmear and texture low 
T resins below .55" C froma substrate surface, the method of the present invention also >s 
suitable for desmearing resin accretions and textnring resins of hrgh T 8 resins and polymers. T e 
values for h,gh T B resins and polymers exceed 155° C. Such resins include, but are not tanned 
,„, polyrmides, polities, po.yesters, or polyurethanes with a T g value over 155° C. Many 
such high T. resins exceed 160° C. Many epoxy b.ends may have a T. of 220° C. New polymer 
materials are on the market which have a T B higher than 220° C. Examples of such h,gh T E 
polymers ino.ude, but are no. limited to cyannate ester, alkylated polyphenylene ester or epoxy 
blends. 

Free radical generating methods of the present invention are suitable in the manufacture 
of printed wiring boards. Printed wiring boards, such as multi-layer printed wiring boards, are 
used for a variety of electrical applications and provide the adva„«age of conservation of we.gh. 
and space. A multi-layer board is composed of mo or more circni. layers, each circur. layer » 
separated from another by one or more ,ayers or dielecmc materia., C.rcuit layers are formed by 
applying a copper layer or other suitable metal, such as copper alloys, nickel, nickel alloys or 
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Cher suitable metal or metal alloy, onto the substtate. Printed cireuits are ten formed on the 
copper layers by techntqnes well known to the art such as pnn. and etch to define and produce 
,he circuit traces, i.e., discrete circuit lines in a destred circuit pattern. Once the circut. patterns 
are formed, a stack is formed composed of mu.ttple ctrcni, layers separated from each other by a 
dielectric layer such as a resin-containing material such as epoxy, epoxy/glass or polymtde. 
Once the suck is formed, « ts subjected to heat and pressure to form the laminated mnttt-layer 
circuit board. When such a multi-layer circuit board is made, holes or via* are formed m the 
^-containing materia, which includes a plurality of parallel planar metallic conductors, w„h 
the hole perpendicular to, and communicating with, two or more parallel metallic condnctots. 
Often the hole wall is metallized in order to form a conductive path between two or more of the 
metallic conductors. In such instances, resin smear is removed from the edges of the hole 
through the metallic conductors when conductive contact between the metallized hole wall and 
the metallic conductors ts desired. Thus, when circuit board holes are drilled through a copper 
clad base plastic laminate or through a plastic laminate containing internal conductor planes such 
as in a multi-layer circuit board, resin smear on the metallic surfaces exposed to the walls ot 
surface of the holes is removed by a ftee radical generating method of the present inventton to 
achieve proper functioning of the metallized or plated through-holes. Additionally, the exposed 
surfaces of the resin layer or plastic laminate layer are textured to receive and form a suttable 
bond with plated metal. 

Plated through-holes are useful as electrical connections between printed etrcuits having 
metallic conductors on both sides of the plastic laminate or between two or more of the vanous 
planes and surface conductor layers in multi-layer boards. Electrical and mechanical integrtty 
required for this function are attained by removal of the plastic laminate resin accretions ftom the 
inner circumference of the portion of me metallic conductor hole. The resin is to be desmeared ts 
picked up by a drill bit during the drilling of the through-ho.es and men redepoatted onto a metal 
inner layer as a thin film of smear. During the desmear process this thin film is removed ftom 
the inner layer. A thin surface layer of .he resin ftom the plastic laminate may also be removed 
leaving an underlying layer of resin textured. 
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Substra.es containing resin smear may be processed by any of the foregoing descnbed 
methods or combinations of methods described above. For example, in the manufacture of a 
printed wiring board ("PWB"), the following steps may be employed: 

1 The PWB is precleaned before treatment by any suitable cleaning solution. Such 
precleaning removes oils or dirt, and helps umformly we. the substrate surfaces, both res,n and 
metal. 

2. The cleaned PWB is .hen rinsed to remove the cleaning solution. 

3 The rinsed PWB is then desmeared by generating a free rad.cal by a melhod of me 
presen. invention for a time sufficient to effect .he desired resin removal and resin textnre. 
Optionally, a permanganate etch may be employed to assist in desmearing and textunng. The 
actual conditions employed will vary with the type of desmearing and texturing desned as 
described above. Permanganate etch is typically employed a. .emperatnres of from 70 Co 

C. 

4 The rinsed PWB is then contacted with an acid neulralization solution, such as 
dilu.e sulfuric acid and hydrogen perox.de, to remove substantially all of the permanganate and 
manganese residues from the board. 

5. After acid neutralization, the PWB is again rinsed. The PWB is then ready for 
subsequent metallization. 

A further advantage of the present invention is that subsna.es, such as printed wiring 
boards are obtained having increased peel strength as compared to boards processed us.ng 
conventional desmear and etch baths. Such increased pee. strengths are obtained when lower 
total permanganate ion concentrations are used, such as up to about 40 g/L. Thus, me present 
invention provtdes a me.hod for providing snbsfta.es having improved peel strengti. tncludmg 
the step of contacting fhe substrates with a composition including one or more permanganate .on 
sources, one or more hydroxide ion sources and wa«er, wherein the hydroxide ion is presen. 
amount of from about 25 to about 85 g/L and wherein the composition has a total manganese ton 
concenftation of from about 15 to about 40 g/L. In addition to having increased pee, strengths, 
such substrates also are effectively desmeared. 
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fcetoxicandflammable h^— 4 withsolventsweUs. Acco^y >e ^od o«,« 
^ sen, — is worlter friend* and —en* Mend,, Additional* etchmg wt* 
Lea, Cohan* m a y b e avoided ,o ^ rednce che mlC aUxpend to e ,n des m eann g d 

A teh e r adv a » t a g eo t ,ep re senH„vendo„U, h a, t o t a 1 p r ocess,e.dsa r e 
^asco.npared.oprocesseanaingsoWen.^and— a. deaths. 

While d>e present invention has been descnbed w,,h respect to printed wtnng board 
processes, the presen. inventron a,so may be app.red to any resinous substrate. 

Tbe foUowing examples are intended to il.ustrate further vanous aspects of the present 
in ven,.on, bu, are no. tntended to Umtt the scope of the invention in any aspect. 



Example 1 

An electto.yttc eel, was made with a .ead dtoxtde anode and an tridrum dioxide cathode. 
Th e electrolyte of the eel, was prepared with 30 grams/Uter of sodtum hydroxide m DI water. 
The bath was maintained at 20° C. 

A second bath was prepared by combining 48 grams/hter of sodtum hydroxtde and DI 
wa ,e,T„th,swasadded5 5 grams/ 1 ,.ero t sod,umperma„gana«ea„dd,eba,hwasmade„p«o 

volume. The bath was heated at 85° C. 

An FR4 10 mulh-layer printed winng board snbslrate containing glass reinforced epoxtde 

, ,eH in the electrolytic cell for 10 minutes but no cutrent was apphed. The 

to permanganate bath for .0 minutes and then rinsed with water for 6 mtnutes. The board wa 

a„ d ma „ga„a t e residues left on rhe board from the permanganate solutton. The neutrahzer 
contained hydroxylamine as the active component. 

Aft er neutralization of the board, the board was rinsed for 3 mtnutes in water dned and 
.enexledustngascanntngelectronmrcroscopetodetermmetheamountofresmsmearon 
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the walls and inner layers of the through-holes. Fig. 1 shows a SEM (scanning electron 
micrograph) of a cross section of a wall of a through-hole of the treated board with copper layers. 
Texturing was observed on both sides of the copper inner-layer (distinct band from side to stde m 
the SEM) Although some resin smear was removed from the copper inner-layer, ream smear 
removal was poor. Clean glass fibers were no. observed along the through-hole wall. 

A second FR4/glass-epoxy 10 layer, multi-layer board was treated in exactly the same 
manner as described above except that the anode and cathode of the electrolytic cell were 
electrically connected to a DC electric source and an anode current density of 11.4 A/dm was 
applied for 10 minutes. The potential exceeded the potential for oxygen evolution. The 
temperature of the bath was 20° C. After 10 minutes of applying the current, the board was 
removed from the electrolytic cell and rinsed for 3 minutes with water. The board was then 
immersed into the promoter bath as described above for 10 minutes at 85° C, rinsed in water for 
6 minutes, treated with the neutralize described above for 3 minutes a, 50° C and rinsed wrth 
water for 3 minutes. A scanning e.ectron micrograph of fire through-holes of.be board was done 
,o observe .he performance of fine desmearing process. No smear was observed on tine copper 
inner-layer, exposed glass or walls of the Ihrough-holes that were examined. 

A third FR4/glass-epoxy 10 layer multi-layer board was immersed into an electrolytic 
bath containing 30 grams/Liter of sodium hydroxide electrolyte. DC cutren, was applied for 10 
minutes a. 20° C. The anode was an inert lead dioxide anode and .he cathode was of tndtum 
dioxide The anode current density was 22.8 A/dm 2 , and the potential exceeded the potential for 
„ xyg e„ evolution. After 10 mmu.es the board was removed from the electrolytic cell, nnsed for 
3 minutes in water, and placed in the promoter bath described above. The board rematned m the 
bath for 10 minutes a. 85° C, rinsed in water for 6 minutes then treated with the neutrahzer 
described above for 3 minutes a. 50° C. The board was then rinsed with water for 3 mmu.es, and 
the through-holes were examined for resin accretion desmearing. 

The through-holes were examined under a scanning electron microscope. Most of the 
through-holes that were examined showed no resin smear. The number of.hrough-ho.es with no 
resin smear increased in contras. to the number of through-holes desmeared in the board treated 
a, an anode current density of 1 1 .4 A/dm ! . In addition the amount of exposed glass had 
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increased indicating that increased resin removal was observed with increased eurren. denstty. 
Figure 2 shows a typical hole wall with an inner-layer. There is no smear on the toner layer. 
Texturing is visible at the top of the SEM with dear exposed glass followed by a elear copper 
band. 

A fourth board was treated by the same method as the second and third boards except .ha, 
the electrolytic bad. contained chloride a. a concentration of 5 grams/Liter in addition to the 30 
grams/Liter of sodium hydroxide. Chloride was added to the electrolytic bath in the form of 
sodium chloride. The anode current density was 11. 4 AAW, and the po.entia. exceeded the 
potential for oxygen evolution. After treatment, the board was analyzed for resin accrettons 
using a scanning electron microscope. The through-holes that were examined for resin accretrons 
showed good texturing and no resin smear on the copper inner-layers, exposed glass or along the 
walls of the through-holes. 

A fifth board was treated according to the method of the present invention as board four 
with the exception that the chloride concentration was increased to 10 grams/Liter and the anode 
current den* was increased to 22.8 A/dm 1 . The .hrough-ho.es of the board were exammed for 
resin accretion desmearing using a scanning electron microscope. No smear was observed on the 
copper inner-layers, exposed glass or hole walls. The amount of exposed glass also had 
increased indicating increased resin removal and the resin texturing was good. 

The table below summarizes the results of the experiments that were done on resin 
accretion removal. 

Table 1 



Electrolytic Cell Conditions 



Chloride Ion Concentration 
( grams/Liter) 



None 



None 



None_ 
5 



Electrolytic Cell Conditions 



Anode Current Density (A/dm ) 



None 



11.4 



SEM Examination 



Some smear 



No smear 



10 



22.8 
11.4 



22.8 



Inc reased resin removal - no smear 
Good texturing - no smear 



Good texturing and resin removal - 
no smear 



The experiments showed that immersing a printed wiring board in an electrolytic cell 
desmeared resin accretions from through-holes in the board. Workers believed that the 
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h lxy, free radtcals which anacked .he resin accretions in rhe through-hdes winch rn 

h „,es by means of free radieais improved .he desmear process over .he nse of permeate 
ZI.a.oneasshowa.hymeimproveddesmearin.r^inTah.e.andme^. 

was increased .he workers believed .ha. more hydroxy, radreals were generated. The addmon 
textunng .he glass-epoxy wall surface wh„e a. .he same time removing ream accretions 

present invention were an improvement over chemical etohmg. 



,oss using the method of the present invention. The FR4/glass-epoxy panels tod T. values of 
Z 30» C .o ,40» C. The N-6 FC/epoxy pane, had T 6 values of .75" C. Each pane, was 6 
2 1 Bachpanelwasbaked.nanovena.l^Cforahoursand.henwe.gbedpnor.o.be 



process described below. 

An electrolytic cel. was made up with a lead dioxide anode and a copper cathode. The 
.ec^y.ewascomposcdofSOg.msmter of copper s u,a.e penuhydrate and 225 gmms/„.er of 

^.the— on „ fte cau S ticwa S T2N.To te w.add.5 5 gram^erofa„d.um 

pennangana.eandmadeup.ovolumewtthDIwa.er.Theba.hwashea.ed.oSS C. 

' A pa,ro f pane,swerep,acedm«hee,echolyttccel,for,Ominu t esbu,nocurrentw, 

applied The panels were men removed from the cell and rinsed for 3 minutes with W ^ 
J elwaspla Lind.eperuaangan.ba.hfor.Ommu.es. Each pane! was .hen removed from 
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the bath and rinsed w„h water for 6 minn.es and then immersed in a bam of a neutmhzer 
composed of 5.5% by weigh, su.furic aeid and 1.2% by wetgh. hydrogen peroxide for 3 mtnn.es 
a, 20° C .0 neutralize permanganate and mangana.e residue left on each pane, after permanganate 
etching Each pane, was .hen rinsed with water for 3 minutes a. 20° C, dried in an oven for 6 
hours a, .20° C and then weighed. The weigh, of each panel decreased due to permanganate 
etching Table 2 below records the weight loss for each panel. 

Another pair of panels, FR4/g.ass-epoxy and N-6 FC/epoxy, were dried in an oven as 
prevtously described weighed and .hen immersed into an aqueous electrode of the electrolyte 
ceh descrtbed above bu. tn this case an anode current den* of ...4 A/dm 2 was applied for .0 
minutes The potential exceeded .he potential for oxygen evolution. The electrolyte solutton 
was maintained a, 20° C during current application. Each panel was then removed from the 
solution and rinsed with water for 3 minutes. Each panel was .hen immersed in a permanganate 
e,ch as described above for .0 minutes, rinsed with water for 6 mtnn.es and then immersed ■» a 
solution of neutralize, of 5.5% by weigh, sulfuric acid and 1.2% by weigh, hydrcgen peroxtde for 
3 minutes at 20° C. Each panel was then rinsed with water for 3 minutes and dned at room 
temperature. The panels were oven dried and .heir we.gh, loss was determined and recorded tn 
the table below. 

A third pair of FR4/glass-epoxy and N-6 FC/epoxy panels was treated as the second pan 
described above except ma. the elec.ro.yfc also conuained 5 grams/liter of chloride ion from 
sodtum chloride. The weigh, loss for each panel was recorded and is in the .able below. 

Table 2 



N-6 FC/epoxy Panel 




Panels .reated in the electrolytic cell with applied current bu, without sodium chlonde 
had a weigh, .oss increase of 0.0027 (FR4/glass-epoxy) and 0.0284 (N-6 FC/epoxy) over then 
respective pane.s only treated wi,h .he permangana.e e,ch. Pane,s frea,ed in .he e.ectrolyuc cel. 
where sodium chloride was added showed additiona. weigh, loss over the pane.s etched wtth 
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permanganate, and the panels treated in the electrolyte bath without sodium chloride. The 
difference in weight loss between the panels only etched with permaganate and the panels treated 
in the electrolyte with sodium chloride was 0.1235 (FR4/glass-epoxy panels) and 0.1 1 16 (NC-6 
FC/epoxy). The weight loss increase in the panels treated in the electrolyte containing sodium 
chloride over the panels treated in the electrolyte without sodium chloride was 0.1208 
(FR4/glass-epxoy) and 0.0832 (NC-6 FC/epoxy). 

The results of the tests showed that application of an electric current to a solution 
increases the amount of resin removed from a panel over permanganate etch alone. By the 
addition of chloride ion to the electrolyte, resin removal is further increased. Accordingly, the 
methods of the present invention showed improved resin accretion desmearing. 

Example 3 

Unclad FR4/galss epoxy and unclad N-6 FC/epoxy panels were tested for resin weight 
loss using a method of the present invention. The FR4/glass-epoxy panels had T g values of from 
130° C to 140° C. The N-6 FC/epoxy panels had Tg values of 175° C. Each panel was 1.3 cm x 
7.0 cm. Each panel was baked in an oven at 120° C for 6 hours and then weighed prior to the 

process described below. 

An electrolytic cell was made up with a 7.5 cm x 5 cm double-sided lead dioxide anode 
and a 7.5 cm x 5 cm double-sided copper cathode. The electrolyte was composed of 225 
grams/liter of sulfuric acid and 80 grams/liter of copper sulfate pentahydrate. 

A bath was prepared by combining a 1 .1 N aqueous sodium hydroxide solution with a 
solution of 55 grams/liter of sodium permanganate and made up to volume with DI water. The 

bath was heated to 85° C. 

Five pairs of panels were placed in the electrolytic cell with an 1 1 .4 A/dm 2 current 
density being applied. The potential exceeded the potential for oxygen evolution. A pair of 
panels, one an FR4 and one an N-6 panel, was removed from the electrolytic cell at time periods 
of 0, 5, 10, 20 and 30 minutes. Current was not applied for the pair of panels at the 0 time 
increment. The panels were rinsed for 3 minutes with water. 

Each panel was then placed in the permanganate bath for 10 minutes. Each panel was 
then removed from the bath and rinsed with water for 6 minutes and then immersed in a bath of 
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neutralizer composed of 1.2% by weight hydrogen peroxide and 5.5% by weight sulfuric acid for 
3 minutes at 20° C to neutralize permanganate and manganate residue left on each panel after 
permanganate etching. Each panel was then rinsed with water for 2 minutes at 20° C, air-dried. 
The panels were then baked as described above and weighed. The weight difference between the 
panels before and after treatment is recorded in the table below. 

Another set of five pairs of panels, FR4/glass-epoxy and N-6 FC/epoxy, were dried in an 
oven as previously described, weighed and then immersed into an aqueous electrolyte of an 
electrolytic cell described above except the electrolyte contained 5 grams/liter of sodium chloride 
in addition to sulfuric acid and copper pentahydrate. A pair of panels was placed in the 
electrolyte cell for time periods of 5, 10, 20, and 30 minutes with the current density applied. 
The pair of panels for the 0 time increment was placed in the electrolyte without current 
application. The panels were further treated as the first set of panels described above. The 
weight loss for each panel was recorded and the weight losses are disclosed in the table below. 

Table 3 



Electrolytic 


cell conditions 


FR4 Panels 


Time 


NaCl cone. 


Weight loss 


(minutes) 


(E/l) 


mg/cm 2 


0 


0 


0.4319 


5 


0 


0.4511 


10 


0 


0.4799 


20 


0 


0.5063 


30 


0 


0.4931 








0 


5 


0.4310 


5 


5 


0.4699 


10 


5 


0.4652 


20 


5 


0.5114 


30 


5 


0.6487 
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Table 4 



Electrolytic cell conditions 




lime 

( mi mi tocl 
^111111 U ICS ) 


NaCI cone. 

(af\\ 
\W l ) 


vveigni. loss 

iii^/ cut 


yj 


u 


0 4991 


p; 
o 


A 

u 


U.UrtC/U 


1 0 


n 




90 


n 
u 




30 


o 


v7. VJ«J\_/ W 








0 


5 


0.4921 


5 


5 


0.5448 


10 


5 


0.5523 


20 


5 


0.6848 


30 


5 


0.8590 



Figure 3 is a graph of the data from the tables. The graph of weight loss versus time 
shows that the longer the time in the electrolytic cell the higher was the weight loss of the panels 
due to the increased removal of resin accretions. Additionally, the addition of chloride to the 
electrolyte of the electrolytic cell caused the weight loss of the panels to increase further. The 
weight loss was believed to be caused by hydroxyl radicals attacking and removing resin 
accretions from the panels. The additional weight loss in the electrolytic cell with sodium 
chloride was believed caused by the hydroxyl radicals and chloride radicals attacking resin 
accretions. 



Example 4 

An experiment was carried out as described above in Example 3 except that the 
electrolyte of the electrolytic cell contained 140 grams/liter of sodium sulfate and 4 grams/liter of 
sodium hydroxide. The anode employed was a 7.5 x 5.5 cm double-sided lead dioxide anode and 
the cathode was a 7.5 x 5.5 cm double-sided iridium dioxide cathode. The results of the 
experiment are listed in the tables below. 
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Table 5 



Electrolytic cell conditions 


FR 4 Panels 


Time 
(minutes) 


NaCI cone. 


Weight loss 
nig/cm 2 


0 


0 


0.4459 


10 


0 


0.4525 


30 


0 


0.4284 








0 


5 


0.4459 


10 


5 


0.4146 


30 


5 


0.4842 


Table 6 


Electrolytic cell conditions 


N-6 Panels 


Time 
(minutes) 


NaCI cone. 

(2/1) 


Weight loss 
mg/cm 2 


0 


0 


0.4965 


10 


0 


0.5688 


30 


0 


0.6229 








0 


5 


0.4965 


10 


5 


0.5801 


30 


5 


0.6016 



The general trend was observed again as in Example 3 above. As the time in which the 
panels remained in the electrolytic cell increased the weight loss of the panels increased. The 
weight loss was believed caused by hydroxyl radicals and chloride radicals attacking and 
removing resin accretions from the panels. 

Example 5 

A third experiment was carried out as in Example 3 above except that the electrolyte in 
the electrolytic cell contained 35 grams/liter of sodium hydroxide and the anode used was a 7.5 x 
5.5 cm double-sided lead dioxide anode and the cathode was a 7.5 cm x 5.5 cm double-sided 
iridium dioxide cathode. The results of the experiment are disclosed in the tables below. 



27 



Docket No. 51750 



Table 7 



Electrolytic cell conditions 


FR4 Panels 


Time 
(minutes) 


NaCI cone. 


Weight loss 
mg/cm 2 


0 


0 


0.4593 


10 


0 


0.5240 








0 


5 


0.4593 


10 


5 


0.4705 


Table 8 


Electrolytic cell conditions 


N-6 Panels 


Time 
(minutes) 


NaCI cone. 

(en) 


Weight loss 
mg/cm 2 


0 


0 


0.5216 


10 


0 


0.5626 








0 


5 


0.5216 


10 


5 


0.6025 



The data showed that weight loss increases with increasing dwell time in the electrolytic 
cell as in Examples 3 and 4. As in Examples 3 and 4 the weight loss was believed caused by the 
hydroxyl and chloride radicals desmearing resin accretions from the panels. 

Example 6 

Oxygen Evolution Determination for Iridium Dioxide Working Electrode 
An anodic polarization scan was carried out by using a cell having three chambers, a 
central chamber and two side chambers. All the chambers were in fluid communication with 
each other. The fluid was a copper sulfate electrolyte at a pH = 1 . The Pourbaix diagram used 
was a potential-pH equilibrium diagram for iridium and disclosed that an anode of iridium 
dioxide was stable at a pH of 1 for performing as an anode. The central chamber contained an 
insoluble iridium dioxide working electrode. One of the side chambers contained an brushed 
copper laminate counter electrode and the other side chamber contained a saturated calomel 
reference electrode. 

The insoluble iridium dioxide working electrode was the electrode under test, i.e., the 
electrode used to determine the potential at which oxygen evolves. The anodic potential of the 
iridium dioxide anode was gradually increased and the resultant current density was measured. 
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The anodic potential of the anode was increased using a potentiostat linked to a computer. The 
potentiostat employed was an EG and G Pare 273 that was driven by EG and G Soft Corr M352 
Corrosion Measurement and Analysis software. 

The program used to generate an anodic polarization curve as shown in Fig. 4 is shown in 
Table 9 below. 



Table 9 



Program Name 


Solidox® 3 


Counter electrode 


Brushed copper laminate 


Reference electrode 


SCE 


Working electrode 


Iridium dioxide 


Equilibration time (seconds) 


30 


Scan increment (mV) 


1 


Scan rate (mV/s) 


10 


Start potential (V) 


0.05 


End potential (V) 


1.75 


Working electrode area (cm 2 ) 


7.0 



When an electrochemical reaction occurred at the anode an increase in the flux of 
electrons at the anode resulted and this in turn caused an increase in the current density. On the 
anodic polarization curve of Fig. 4 a wave or line occurred between points A and B. The near 
horizontal nature of this line indicated a rapid increase in current density and indicated that a 
chemical reaction occurred. Additionally, bubbles were given off at the anode surface when the 
potential of at 1.3 V was reached. The beginning of the curve at 1.3 V indicated the potential at 
which oxygen evolution occurred. 

Example 7 

Oxygen Evolution Determination for Lead Dioxide Working Electrode 
An anodic polarization scan was carried out by using a cell having three chambers, a 
central chamber and two side chambers. All the chambers were in fluid communication with 
each other. The fluid was a copper sulfate electrolyte at a pH = 1 . The Pourbaix diagram used 
was a potential-pH equilibrium diagram for lead and disclosed that an anode of lead dioxide is 
stable at a pH of 1 for performing as an anode. The central chamber contained an insoluble lead 
dioxide working electrode. One of the side chambers contained brushed copper laminate counter 
electrode and the other side chamber contained a saturated calomel reference electrode. 
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The insoluble lead dioxide working electrode was the electrode under test, i.e., the 
electrode used to determine the potential at which oxygen evolves. The anodic potential of the 
lead dioxide anode was gradually increased and the resultant current density was measured. The 
anodic potential of the anode was increased using a potentiostat linked to a computer. The 
potentiostat employed was an EG and G Pare 273 that was driven by EG and G Soft Corr M352 
Corrosion Measurement and Analysis software. 

The program used to generate an anodic polarization curve as shown in Fig. 5 is shown in 
Table 10 below. 



Table 10 



Program Name 


Solidox® 3 


Counter electrode 


Brushed copper laminate 


Reference electrode 


SCE 


Working electrode 


Lead dioxide 


Equilibration time (seconds) 


30 


Scan increment (mV) 


1 


Scan rate (mV/s) 


10 


Start potential (V) 


0.05 


End potential (V) 


1.75 


Working electrode area (cm 2 ) 


7.0 



When an electrochemical reaction occurred at the anode an increase in the flux of 
electrons at the anode resulted and this in turn caused an increase in the current density. On the 
anodic polarization curve of Fig. 5 a wave or line occurred between points A and B. The near 
horizontal nature of this line indicated a rapid increase in current density and indicated that a 
chemical reaction occurred. Additionally, bubbles were given off at the anode surface when the 
potential of at 1.6 V was reached. The beginning of the curve at 1.6 V indicated the potential at 
which oxygen evolution occurred. 
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